4 its adherence to epithelial cells and prosthetic devices, proteolytic potential and 70 production of phospholipases (10). Furthermore, C. krusei is different from other 71
Candida spp. in its structural and metabolic features, and exhibits different behaviour 72 patterns towards host defences (25). Few studies have been conducted to determine 73 the potential virulence of C. krusei in man and laboratory animals. It is already known 74 that C. krusei is less invasive than C. albicans, although it shows a heavy growth on the 75 superficial epithelium (27) . Besides this, C. krusei has been demonstrated to be more 76 hydrophobic than other species of Candida and this could play a critical role in the 77 colonization of medical devices such as implants and catheters where C. krusei has 78 been shown to be more adherent (27) . The ability to produce hydrolytic enzymes is 79 considered a putative virulence factor of Candida spp. However, C. krusei does not 80 produce these enzymes (25). These findings suggest that the virulence attributes of C. 81 krusei could be more related to the host immune state rather to specific fungal features. 82
In this work, we have examined the intracellular behaviour of this fungal 83 pathogen once it has been phagocytosed by macrophages. We found that the 84 interaction between macrophages and C. krusei is very complex, and multiple outcomes 85 
Material and methods

94
Yeast strains and growth conditions 95
Candida krusei ATCC 6258 was cultured in liquid Sabouraud medium for 24 96 hours at 30ºC with moderate shaking (150 r.p.m) prior to experimental use. 97
Murine macrophage-like cells and culture conditions 98
The adherent macrophage-like cell line RAW264.7 was used for experimental 99 work (23). This cell line is derived from the ascites of a tumour induced in a male mouse 100 by intraperitoneal injection of Abselon Leukaemia Virus (A-MuLV). 101
The cells were grown in feeding medium, which contained Dulbecco's modified 102
Eagle's medium (Lonza,Verbiers) supplemented with 10% heat-inactivated fetal bovine 103 serum (FBS, HyClone-Perbio), 10% NCTC (Sigma Aldrich, Steinheim) and 1% non 104 essential amino acids (Sigma Aldrich, Steinheim). The cells were regularly maintained 105 at 37ºC in a 5% CO 2 enriched atmosphere. 106
Primary macrophages isolation 107
Primary macrophages were isolated from the peritoneal cavity of C57BL/6J mice 108 (male, 8- 
Phagocytosis assays 116
Phagocytosis assays were performed as described in (34). Briefly, RAW 264.7 117 macrophages were separated from tissue-culture plates by continuing pipetting. The 118 cells were centrifuged at 170 g (1000 r.p.m), and the pellet was suspended in 2 mL of 119 fresh feeding medium. The cell density was estimated using a haemocytometer. A 120 suspension of 2.5 x10 5 cells/mL was prepared, and 200 µL were added per well (5x10   4   121 macrophages per well) in 96-wells tissue-culture plates (Costar, New York). For each 122 condition, three wells were carried out in parallel. The plate was incubated overnight at 123 37 o C in the presence of 5% CO 2 . Since these cells divide once during the night, it was 124 estimated that 10 5 macrophage-like cells were present in each well at the moment they 125 were exposed to the yeast cells. When primary macrophages were used, the cells 126 obtained from the peritoneal cavity were directly placed on 96-well plates as described 127 above and incubated overnight at 37 o C in a 5% CO 2 enriched atmosphere. Then, the 128 medium was removed and 200 µL of fresh feeding medium containing C. krusei at a cell 129 density of 10 6 cells/mL or 5x10 5 cells/mL were added to each well. As a result, a 1:2 or 130 1:1 macrophages:yeast ratio was used in macrophage-like cell line or the primary 131 peritoneal macrophages, respectively. The phagocytosis was carried out for 2 hours at 132 37ºC in the presence of 5% CO 2 . Then, the wells were washed with feeding medium 5 133 times to remove the non-phagocytosed yeasts and fresh feeding medium was added to 134 the wells. Furthermore, phagocytosis assays were also performed using heat killed C. 
Phagocytosis staining and quantification 147
To quantify the phagocytosis, Giemsa staining was performed as described in 148 (34). After phagocytosis, the medium was removed, and 100 μL of ice-cold methanol 149 were added to each well. Macrophages were grown on poly-L-lysine pre-treated coverslips in cell culture plates 173 (BD, France). The final macrophage density was 5x10 6 /mL. C. krusei inoculum was 174 prepared at 1.5.10 7 /mL and stained with 10 μg/mL Calcofluor (Sigma, St. Louis, USA) 175 for 10 minutes at 37ºC. Then, the inoculum was washed twice with sterile PBS and 176 added to the coverslips. Phagocytosis, as described above and in the dark, was 177 performed for 1 hour and then coverslips were washed three times to eliminate the non 178 Candida krusei inoculum prepared at 1.5.10 7 /mL was stained with 10 μg/mL of 188 Calcofluor (Sigma, St. Louis, USA) and phagocytosis using a 1:3 macrophage/C. krusei 189 ratio was performed as described above. Cells were fixed with 4% p-formaldehyde for Cytokine quantification produced by primary and RAW264.7 macrophages in the 211 presence of C. krusei 212 Phagocytosis was carried out for 2 hours as described above using a 2:1 213 macrophage/C. krusei ratio with both primary macrophages and RAW264.7 214 macrophages. Supernatant was removed, fresh medium was added and plates were 215 incubated at 37ºC with 5% CO 2 . Supernatants were collected after 4h and an overnight 216 incubation and they were kept at -20 o C after being centrifuged to discard residual 217 macrophages and yeast cells. We first performed phagocytosis assays as described in material and methods 233 using the macrophage-like cell line RAW264.7. These macrophages had phagocytic 234 activity in the presence of Candida krusei, and some macrophages were not only able 235 to phagocytose blastoconidias, but also pseudohyphae of a size similar to that of the 236 macrophages (supplemental video 1). To quantify the phagocytosis, we stained the 237 cells with Giemsa, and found that around 10-20% of the macrophages had ingested C. 238 krusei cells after two hours without any opsonin added. 239
To study the intracellular behavior of C. krusei, we extensively washed the wells 240 to remove the non-phagocytosed yeast cells after two hours of phagocytosis. Then, the 241 infected-macrophages were observed using time-lapse microscopy. We observed that 242 C. krusei survived inside the macrophages and induced pseudohyphae formation 243 (supplemental videos 1 and 2). This phenomenon occurred in 85% of the infected 244 macrophages. The intracellular growth of the fungus yielded macrophage explosion 245 (supplemental videos 1 and 2). During the overnight incubation, macrophages divided, 246 but in the case of infected macrophages, we frequently observed that nascent 247 macrophages fused after division, yielding a macrophage of larger size (figure 1). This 248 phenomenon was also observed when heat-killed yeast cells were used (result not 249 shown). In some cases, C. krusei cells were not properly distributed among the two 250 nascent macrophages, and prior to the fusion, pseudohypha sharing by both nascent 251 macrophages was observed ( figure 1 and supplemental video 1) . 252 However, this phenomenon was less frequent than in the RAW264.7 cells, and it was 296 found in around 50% of the infected primary macrophages. 297
In addition to intracellular survival, we also observed other different phenomena. We also observed that infected macrophages extruded C. krusei cells, a 304 phenomenon that did not have an effect on the integrity of the macrophage (figure 4A 305 and supplemental video 6). In some cases, these yeasts that were extruded from 306 macrophages were engulfed by surrounding macrophages (supplemental video 5). 307
More striking, we occasionally found that an infected macrophage was able to transfer 308 intracellular yeast cells to another macrophage ( figure 4B and supplemental video 7) . In 309 these cases, there was a partial fusion of the cell membranes of the donor and recipient 310 macrophages. In addition, previous to the transfer, the recipient macrophage formed an 311 intracellular compartment. After the membrane fusion, the yeasts were transferred to 312 this last compartment in the recipient macrophage (figure 4B and supplemental video 313 7). Although C. krusei survived in a significant number of infected primary 314 macrophages, we also observed that these macrophages were able to "destroy" the 315 yeast cells. In these cases, intracellular yeast cells lost their visual integrity, which was 316 accompanied by the appearance of small vesicles in the macrophage (supplemental 317 video 8). 318
Pseudohyphae formation during phagocytosis 319
When phagocytosis was performed with macrophage-like cell line and primary 320 macrophages, we observed differences in the outcome of the interaction, which 321 suggested that primary macrophages had a stronger antifungal effect. observed a strong chemotactic effect of the macrophages to the areas where C. krusei 370 was present. These findings suggest that the host immune system has developed 371 mechanisms to control the intracellular parasitism by producing a more effective cellular 372 response. This response was decreased when macrophages were exposed to heat 373 killed C. krusei, which could mean that there is specific response against the pathogen 374 by macrophages and not only because of the presence of foreign particles. 375
In addition, we also observed other phenomena, especially when we used 376 forming the pseudohyphae and its length in all the experimental conditions C. Table  579 showing the mean of blastoconidias forming the pseudohyphae and the length of the 580 pseudohypha. The p-value resulting from the T-Student analysis considering the value 581 obtained for the control yeast cells incubated 5 hours in feeding medium as reference 582 value for all the comparisons is shown. Statistical differences of these comparisons are 583 highlighted in bold. 584 
